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Abstract. We show two types of solar energy flux that with high probability,
couple to the Earth’s magnetosphere and cause enhanced magnetospheric fluctu-
ations. 70-80 Rp upstream from Earth, Wind observations show significant, sus-
tained power at Pcb frequencies intrinsic to a high speed stream starting March
29, 2002. The enhanced power is evident in dynamic pressure fluctuations and
to a lesser extent in compressional magnetic field fluctuations. This high speed
stream is not associated with a large magnetic storm, but strong Pc5 pulsations
are observed at geostationary orbit. Geotail observations near the magnetopause
show enhanced compressional power at Pch frequencies, especially at the nose and
on the dawn flank, both in the magnetosheath and the adjacent boundary layer.
The observations suggest that more energy may be transferred across the nose
than at the flanks during high speed streams. The sustained dynamic pressure
fluctuations may be responsible for the sustained geomagnetic pulsations seen at
GOES 8 in the noon and midnight sectors, although the midnight sector might
have additional sources. GOES 8 observations of dawn pulsations follow the trend
of the compressional magnetic field fluctuations, that is higher at first and then
reduced. Compressional magnetic field fluctuations may control the level of Pch
pulsations on the dawn side. Northward IMF along with Geotail observations
of magnetopause motion and MHD simulations of vortices along the flanks sug-
gest that a Kelvin-Helmholtz (K-H) instability may contribute to transport of the
compressional energy into the magnetosphere.

1. Introduction

The solar wind supplies the energy to drive many magnetospheric processes. Various
standard indices have been developed that are measures of specific geomagnetic activity,
e.g., storm indices such as Dy and substorm indices such as AU, AL, AF. Solar-wind-
magnetospheric coupling studies have related solar wind input to geomagnetic activity
through empirical formulae. Akasofu [1981], building on analysis by Perreault and Aka-
sofu [1978] developed a first approximation for a solar wind-magnetosphere energy coupling
function. They theorized that there were two forms of solar energy flux, pV? and V B2. Both
are pressure related, the former dynamic pressure and the latter compressional MHD waves
or fluctuations. Akasofu and Chapman [1963] found no obvious correlation between pV?
and geomagnetic activity so Akasofu’s first approximation depended on solar wind compres-



sional wave flux and IMF direction. This function correlated with the energy consumption
rate of the magnetosphere that they defined as depending on Dy and AF indices.

Earth’s magnetosphere’s is made up of magnetic fields from different sources and involves
a complicated set of processes: storms, substorms, current flows, and power redistribution.
It is generally accepted that storms are driven by the solar wind. Much attention has
focused on Coronal Mass Ejections (CME’s) especially during the recent solar maximum
when CME’s were prevalent and caused large solar storms. Tsurutani and Gonzalez [1994]
discussed the causes of geomagnetic storms during solar maximum, primarily focusing on
CME’s. Li et al. [2003] claimed that the declining phase of the solar cycle is the most
geo-effective phase. They equated geo-effectiveness to strong increases in two parameters:
outer radiation belt flux or so-called “killer” electrons (SAMPEX 2-6 MeV electrons) and
the Dy index of the strength of magnetic storms. Their Figure 1 illustrates the strength
of their claim for the last solar cycle with the strongest negative Dy and electron fluxes
occurring during the declining phase. The declining phase of the solar cycle is characterized
by long-lasting recurrent high speed solar wind streams, many leading to strong magnetic
storms. Li et al. [2003] suggest that CME’s don’t occur as often or last as long as high
speed streams and thus are not as geo-effective.

Many papers have shown a linkage between high speed solar wind streams, “killer” elec-
trons and ULF waves [e.g., Rostoker et al., 1998, Baker et al., 1998, Mathie and Mann,
2000]. Kessel et al. [2003] showed that the high speed streams carry enhanced Pc5 power
as compressional fluctuations (1-8 mHz). They also showed a clear correlation between the
enhanced Pcb power in the solar wind streams and enhanced Pch power in the magneto-
sphere as determined from the Kilpisjarvi ground station. Their figures 2 and 3 showed the
correlation for power in the magnetic field parallel and transverse components, respectively.
These fluctuations are not generated in the foreshock because they are initially observed at
Wind, 200 R upstream from Earth. The Pcb power may be more geoeffective than that
in the Pc3/4 range. Lower frequency peaks (from a few 10~7 Hz to mHz) also exist in high
speed streams as is typical of the solar wind spectrum for both magnetic field fluctuations
[e.g., Goldstein et al. (this issue)] and speed fluctuations [e.g., Burlaga and Forman, 2002].

It is commonly agreed that toroidal Pcb pulsations are caused by an external source in
the solar wind. The most frequently cited source of Pch pulsations in the magnetosphere
is the Kelvin-Helmholtz instability at the magnetopause [e.g., Dungey, 1955; Miura, 1992;
Anderson, 1994; Engebretson et al., 1998]. Mann et al. [1999] have recently shown that
for very large flow speeds at the magnetopause flanks, the Kelvin-Helmholtz instability can
energize body type waveguide modes. Other possible sources of Pch pulsations have been
proposed such as upstream shock-related pressure oscillations that drive magnetopause
surface waves with periods in the Pc5 range [Sibeck et al., 1989]. Fairfield et al. [1990]
suggested that upstream pressure variations may be linked to magnetospheric compressions.
Engebretson et al. [1998 and sources therein] suggested that if the compression regions
at the leading edges of high speed streams contain waves in the Pch range they could
provide a source of wave energy to the magnetosphere or that the waves could act as seed
perturbations to drive boundary displacements that are amplified by the Kelvin-Helmholtz
instability. By contrast, Kepko et al. [2002] showed observations of pressure fluctuations
at the same discrete frequencies in the solar wind as in the magnetosphere and suggested
that the solar wind may be a direct source for discrete Pch pulsations. Wright and Rickard



Figure 1: View from Wind satellite with Geotail skimming the magnetopause and GOES
at geostationary orbit.

[1995] showed that broadband fluctuation power in the solar wind can lead to enhanced
excitation of the magnetospheric cavity or waveguide modes, even if the spectral content of
the upstream and magnetospheric waves are different.

In the next section we briefly describe our data and methodology. We then show ob-
servations of fluctuations in the solar wind and near the magnetopause, and pulsations
at geostationary orbit for one high speed stream in 2002. We suggest here that the so-
lar wind input for this high speed stream is first dependent on the Pch power in dynamic
pressure fluctuations, pV'?, and to a lesser degree on the Pc5 power in compressional mag-
netic field fluctuations, B?. These inputs are sustained for the entire high speed stream as
are Pcb pulsations observed in the magnetosphere at geostationary orbit for the duration
of the high speed stream passage. We discuss the local time effects at the magnetopause
and inner magnetosphere which highlight the magnetospheric impacts and energy transfer
mechanisms.

2. Orbits, Instruments and Methods

For this study we used data from the Wind, Geotail, and GOES satellites for a high
speed stream starting 29 March 2002. Wind was upstream between 70 and 80 Rp. Geotail
was skimming the magnetopause, crossing between the magnetosphere, boundary layer, and
magnetosheath as shown in Figure 1, and GOES was at geostationary orbit. We used data
from the Magnetic Field Investigation (MFI) [Lepping et al., 1995] and the Solar Wind
Experiment (SWE) [Ogilvie et al., 1995] on Wind. We used magnetometer data from the
Magnetic Field Measurement (MGF) [Kokubun et al., 1994] and the Low Energy Particle
(LEP) [Mukai et al., 1992] instrument on Geotail. We used the magnetic field instrument
on both GOES 8 and GOES 10 [Singer et al., 1996].
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Figure 2: High speed solar wind stream (Wind data). Two nested intervals are shown
(arrows indicate end points). The longer interval corresponds to the orbit shown in Figure
1 and the shorter (lighter in color) interval corresponds to the MHD simulation.

For the solar wind spectral analysis we used both dynamic pressure (nV2,) and magnetic
field magnitude (compressional waves). The pressure was converted to the same units as
the magnetic field (nT) in order to compare quantitatively as well as qualitatively. Near
the magnetopause (Geotail) and in the magnetosphere (GOES) we used magnetic field
magnitude (compressional fluctuations) to compare with the solar wind fluctuations. We
used 1 minute resolution data to provide detail on the Pc5 portion of the spectrum (1-8.3
mHz). Each data set was detrended by subtracting the background field using the IDL
smooth function with a window of 61 points (one hour). Other windows from 20 minutes to
4 hours were examined for comparison; the spectral analyses were not significantly different.
The resulting fluctuations were tapered using a Parzen window. The data were processed
using a fast Fourier transform algorithm with a sliding 128 point (2 hour) window to create
power spectral densities (PSD) and then the PSDs were summed from 1 to 8.3 mHz to
get total power in the Pch range. FF'T methods were determined from Ramirez [1985] and
Press et al. [1986].

We used the Lyon-Fedder-Mobarry (LEFM) global MHD code [Fedder et al., 1995] to
examine plasma flows and vortices. The code couples a 3D MHD magnetospheric model
with a 2D electrostatic ionospheric model and was then driven by solar wind input provided
by satellite data.

3. Observations

The top panel of Figure 2 begins with a nominal solar wind followed by a high speed
stream at the end of March 29, 2002. The high speed stream is identified by an initial



increase in speed with the speed remaining high for 2 days before gradually trailing off
over 3 days. At the leading edge of the stream there is a compression region as seen by
the increases in dynamic pressure, thermal pressure and magnetic pressure in panels (b) -
(d). This compression region occurs at the onset of the increase in speed and is evident
3/4 of a day. There is a second increase in pressure of smaller magnitude also evident for
about 3/4 of a day. Then the pressures return to a nominal value where they remain for
the remainder of the high speed stream. We indicate the interval corresponding to the orbit
of Geotail shown in Figure 1. This interval encompasses the two compression regions just
discussed. We also indicate the interval corresponding to an MHD simulation run using the
LFM model that corresponds to the first compression region. We will discuss both data
from the MHD simulation and from satellite observations later in this section.
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Figure 3: Compressional ULF fluctuations during high speed solar wind stream 28 March
- 5 April 2002.

We next look at the fluctuations associated with this high speed stream in Figure 3.
The top panel shows the speed again to orient the viewer. For the dynamic pressure (b) and
magnetic field magnitudes (c - e), we detrend the data by stripping out the background.
The resulting fluctuations intrinsic to the solar wind are shown in panels (b) and (c) of
Figure 3, and those in the magnetosphere in (d) and (e). The pressure fluctuations have
been converted to the same units (nT) as the magnetic field fluctuations so that they can be
compared quantitatively as well as qualitatively. In the solar wind, the fluctuations in the
dynamic pressure are larger than those in the magnetic field and are sustained at a higher
level throughout the entire high speed stream interval. The fluctuations in the magnetic
field magnitude are largest in the compression region at the onset of the high speed stream
and are maintained at a lower level for the remainder of the high speed stream.

We compare the solar wind fluctuations with those near the magnetopause and in the



magnetosphere in the bottom two panels of Figure 3. Panel (d) shows fluctuations in the
magnetic field magnitude at Geotail which is skimming the magnetopause during the first
part of this interval as seen in Figure 1. The fluctuations are highest near the nose of the
magnetopause. The fluctuations on the dawn flank are less than those at the nose but more
than those at dusk. These regions are indicated in Figure 3(d). Geotail is crossing between
the magnetosheath and boundary layer during this interval as will be discussed later. Figure
3(e) shows fluctuations at GOES 8 inside the magnetosphere at geostationary orbit. These
fluctuations are higher during the passage of the high speed stream compared to during
times of nominal solar wind (March 28-29), and highest during the first compression region
ending March 30 ~1500.
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Figure 4: Top panel shows high speed solar wind stream on 28 March - 5 April 2002. (b)
shows Pch power in solar wind dynamic pressure fluctuations. The lower 3 panels show Pch

power in compressional magnetic field fluctuations (c) in solar wind, (d) near magnetopause
(Geotail), and (e) at geostationary orbit in 6 hour strips at midnight, dawn, noon, and dusk.

Figure 4 shows the power in these various fluctuations along with the solar wind speed
in the top panel to orient the viewer. The power was determined by performing a FFT
on the fluctuations shown in Figure 3. The power in all cases was enhanced in the Pch
frequency range (1-8.3 mHz) during high speed streams. Power was also evident at lower
frequencies as in a typical IMF spectrum, but we focus on the Pcb frequency range as it
appears to be more geo-effective. We first examine the power intrinsic to the high speed
stream in panels (b) and (c). The power in the dynamic pressure (b) is larger by at least an
order of magnitude compared to the power in the magnetic field compressional component
(c). The power in the dynamic pressure is also sustained for the entire interval of the high
speed stream compared to the power in the magnetic field compressional component which
is highest at the beginning of the stream, and then reduced. Near the magnetopause and
inside the magnetosphere the power is enhanced during the passage of the high speed stream
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Figure 5: Magnetic field and plasma characteristics near the magnetopause (a) on the dawn
flank (4-5 LT) and (b) at the nose (10-12 LT).

as shown in panels (d) and (e), respectively, of Figure 4.

As discussed in reference to Figure 3 the power at Geotail shown in Figure 4(d) is
enhanced most significantly near the nose of the magnetopause (noon), followed by the
dawn and dusk flanks, respectively. The power in the magnetotail region may be slightly
enhanced during the high speed stream compared to in the solar wind, though no analysis
of this region was undertaken in this study. Figure 4d shows some peaks and valleys in
the power as Geotail was skimming the magnetopause on March 30 and 31, and April 1.
Geotail was crossing back and forth between the magnetosheath and the boundary layer;
generally the power in the magnetosheath was higher than in the adjacent boundary layer.
The depressions within each region occur in the boundary layer. We show Geotail boundary
crossings below.

At GOES (Figure 4e), the power during the passage of the high speed stream is enhanced
compared to the interval of nominal solar wind. We further subset the data in Figure 4e into
adjacent 6 hour strips to look for local time effects. The midnight sector is identified as a
series of light gray strips, the dawn sector is shown as slightly darker strips, the noon sector
is darkest strips, and the dusk sector is white. The geostationary power just preceding the
onset of the high speed stream shows equal peaks pre-midnight, at dawn and at the nose,
with significantly less power elsewhere. During the passage of the high speed stream, the
largest enhancement is in the first dawn strip on March 30. Subsequent dawn strips show
no enhancement compared to adjacent regions and even a decrease mid-stream and on. The
midnight region is at about the same level throughout the passage, but slightly weakening
as time goes on. The noon region (darkest strips), like the midnight region, is enhanced
throughout though it often has a double peak and power is slightly less than at midnight.
Full characterization of these pulsations is outside the scope of this paper, but we discuss
possible source regions in the next section.
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Figure 6: Geotail data on the dawn side flank of the magnetopause.

We next examine, in more detail, Geotail data in the vicinity of the magnetopause on
the dawn flank and at the nose. During March 30 and 31 Geotail was crossing back and
forth between the magnetosheath and the boundary layer. Figure 5 shows two time intervals
during these two days: (a) shows data from the dawn flank between 04 and 05 LT (z from
-5 to -10RE on the nightside) and (b) shows data near noon (10 to 12 LT). Both (a) and (b)
show the magnetic field magnitude and cartesian GSE coordinates (top four panels) followed
by the ion density, speed and flow direction from the LEP instrument. The flow direction
(bottom panels) is in the +(—)a direction if pointing up (down) and in the +(—)y direction
if pointing right (left). The magnetosheath is identified by turbulent magnetic fields, high
density and speed, and flows (on the flanks) primarily in the —a direction. The boundary
layer is distinguished by more orderly magnetospheric fields, low densities and speeds, and
random flow directions. Figure 5a shows the last four hours of March 30. Geotail was
in the boundary layer at 2000 and crossed into the magnetosheath around 2200 followed
by multiple traversals between the two regions. Figure 5b shows four hours of March 31.
Geotail was in the magnetosheath at 0800 with a couple of short forays into the boundary
layer before moving into the boundary layer at about 0930. Multiple traversals back into
the magnetosheath are evident later in this interval. The magnetic field fluctuations in
the boundary layer between 2000 and 2200 were less than in the magnetosheath and later
boundary layer regions in both (a) and (b). It may be that there are more fluctuations
and power in the boundary layer near the nose than on the flank. We discuss this in the
following section.

We also show an interval of Geotail data from earlier on March 30, 2002 in Figure 6
when Geotail is at about (-20, -15)Rg on the dawn flank. The magnetic field and plasma
parameters from 0400 to 0800 are in the same format as Figure 5 and likewise show multiple
traversals between the magnetosheath and boundary layer. The solar wind pressure is very
high at this time (Figure 2) so that the magnetopause is contracted. The magnetopause
contraction also explains why Geotail remained near the dawn flank much longer than it was
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Figure 7: Typical MHD flows under (left) northward and (right) southward IMF.

on the dusk flank when the magnetosphere had relaxed back to its more nominal position.
The IMF was strongly northward and the solar wind speed was increasing from about 400
to 600 km/s during this interval. The speed as observed by Geotail varied between less
than 50 km /s and 600 km/s. The density was highly variable especially from 0510 to 0700,
including during intervals that would be labeled as magnetosheath by other features (high
speed with fairly constant flow direction and turbulent fields). The regions of highly variable
density may not be easily classified as either magnetosheath or boundary layer, but may
represent mixing regions. It is common to find turbulent regions behind the quasi-parallel
bow shock and makes study of this region problematic. It is clear that the boundary is in
motion; the boundary may also be wave-like as Geotail is skimming through.

Figure 2 showed an interval for which an MHD simulation was run. During this interval
the solar wind speed started at a nominal value around 300 km/s and increased to about
600 km/s. The IMF was northward for much of this period and the dynamic, thermal
and magnetic pressure all increased dramatically. We focused on plasma flows produced
from the MHD simulation, and found a distinct difference between flows during times of
northward and southward IMF. Figure 7 shows typical MHD flows under (left) northward
and (right) southward IMF. The background is the colormap of the log of the velocity
magnitude (speed). Black arrows indicate the flow direction of unit length in the equatorial
plane. Under northward IMF large scale vortices developed and were swept downtail with
the solar wind flow, and stagnant regions formed (Figure 7 left). At the top and bottom
of this MHD snapshot, vortical regions can be seen as darker green regions of small V
surrounded by regions of light blue and then darker blue (increasing V). Black arrows in
these regions indicate circular flow; these can be seen more clearly in Figure 8 which is a
3D depiction of one vortex region.

Under southward IMF a thin boundary layer region was evident (Figure 7 right) and the
magnetospheric region was compressed compared to times of Northward IMF. In this MHD



Figure 8: 3-dimensional vortex produced during northward IMF pictured from (a) above
and (b) below the ecliptic plane.

snapshot, the thin boundary layer at the top (dusk) can be seen clearly, but the boundary
layer at the bottom (dawn) appears broken. At other times of southward IMF, the MHD
snapshots show a clear dawn side boundary layer. Referring back to the B, component of
IMF shown in Figure 2, the simulation results looked like those in Figure 7 (left) for about
the first third of the run (northward IMF). This was followed by a few hours of southward
IMF where the results looked like Figure 7 (right). The remainder of the MHD run consisted
of a few more hours of northward IMF and a few short southward intervals. The vortices
shown in Figure 7a could be associated with a Kelvin-Helmholtz type instability. The
Geotail data on the dawn side around this time is highly turbulent and does not allow easy
identification of K-H features, but also does not preclude K-H. Most observations of K-H
instabilities have been made on the less turbulent dusk flank [e.g., Fairfield et al., 2000;
Fairfield et al., 2003; Hasegawa et al., 2004]. The turbulence and plasma mixing are kinetic
effects, not fluid effects and so do not show up in MHD simulation.

Finally, we introduce a new analysis that may be useful in understanding energy transfer
across the magnetopause. We show one vortex from our MHD simulation as a 3D object
in Figure 8 from (a) above and (b) below the ecliptic plane. Vortices examined from the
interval of this MHD simulation are located just inside the magnetopause surface and extend
above and below the ecliptic plane a few Earth radii. The one shown in Figure 8 flows in
a counterclockwise direction but others flow clockwise. This vortex appears to form below
the ecliptic plane and then dissipate into a small region above the ecliptic plane. At this
time there were four vortices evident on the dawn flank. Vortices also formed on the dusk
flank though generally in smaller number. We are left with many questions from this initial
sample. For example, do counterclockwise vortices always form below the ecliptic plane and
clockwise vortices above the plane? Is the axis of the vortex always in the z-direction? This
tantalizing view of a 3D vortex structure opens up new avenues to pursue. We hope that
further exploration in this area will result in a better understanding of the structure of the
magnetopause and the energy transfer into the magnetosphere.



4. Summary and Conclusions

Previous studies have shown that Earth’s magnetosphere is particularly geo-effective
during the declining phase of the solar cycle due to recurrent high speed solar wind streams
[e.g., Li et al, 2003]. Many high speed streams are associated with large magnetic storms
and Dy of -120 to -200 [ e.g., Posch et al., 2003], triggered by a southward turning of the
IMF usually preceded by a long interval of northward IMF. Some high speed streams do
not have large southward IMF or large Dy, and yet have significant Pch pulsations and
energetic electrons [Kessel et al., 2004]. The high speed stream in this paper was one of the
latter cases, Dy was modest, only reaching about -40 (see, e.g., OMNIWeb.gsfc.nasa.gov).
One solar wind driver that is consistent across all high speed streams is ULF waves or fluc-
tuations. Akasofu [1981] identified two types of solar energy flux, essentially compressional
magnetic field and dynamic pressure fluctuations, that carry energy in the ULF band. He
was primarily focused on magnetic storms and correlated compressional magnetic field fluc-
tuations and southward IMF with Dy and AF. Kessel et al. [2003] showed 5 months of
solar wind high speed streams in 1995 that carried enhanced Pcb power in compressional
magnetic field fluctuations; the solar wind power was correlated with Pcb power at the
Kilpisjarvi ground-based station. In the current paper we have also examined the power in
solar wind dynamic pressure fluctuations for one high speed stream in 2002. We are inter-
ested here to see how solar energy flux in both compressional magnetic field and dynamic
pressure fluctuations affects Earth’s magnetosphere for high speed streams without large
magnetic storms. A later paper, Kessel et al. [2004] will make comparisons between high
speed streams with and without large magnetic storms.

In this paper we have shown power at Pch frequencies in the solar wind in both com-
pressional magnetic field and dynamic pressure fluctuations. We first discuss the dynamic
pressure fluctuations because they appear to be dominant for high speed streams without
large magnetic storms. Power in solar wind dynamic pressure fluctuations remained high
for the entire high speed stream shown here and was an order of magnitude higher than
power in the largest compressional magnetic field fluctuations (Figure 4). Likewise, Pcb
pulsations observed by GOES 8 overall have higher, sustained power for the entire interval
of the high speed stream. But when we look at local time effects with GOES 8 at geo-
stationary orbit, we find that some local time regions have fairly constant sustained power
and other regions have more variable power. GOES 8 observations of power in the noon
and midnight sectors remained at about the same levels throughout the passage of the high
speed stream, with the midnight sector being slighty larger than the noon sector until near
the end of the stream interval. Dawn and dusk sectors were variable. The dawn sector
showed significant power at the beginning of the stream compared to all other sectors, but
then quickly weakened and was less than the power at noon and midnight for the rest of
the high speed stream interval. The dusk sector was stronger in the first half of the high
speed stream interval and weaker in the second half, but weaker than all other local time
sectors at all times during the stream.

At the magnetopause with Geotail data, so far we have examined only compressional
magnetic field fluctuations. Without simultaneous measurements in the magnetosheath at
dawn, noon, and dusk we cannot tell whether or not compressional magnetic field fluctu-
ations follow the same pattern as in the solar wind, i.e., are strongest at the onset of the
high speed stream and then weaken. We expect that dynamic pressure fluctuations will also



be strong in the magnetosheath region, and probably sustained throughout the high speed
stream. We have observed that the compressional magnetic field fluctuations vary with
local time as Geotail skims the magnetopause; they are highest in the noon sector, followed
by dawn, dusk, and then weakest in the magnetotail (Figure 4). The magnetosheath is
well known as a turbulent region with most fluctuations originating in the solar wind or
associated with the quasi-parallel bow shock [e.g., Crooker et al., 1981; Sibeck et al., 2000].
At the nose of the magnetopause, particles and fields pile up so it is not surprising to find
the highest power in this region.

We also used Geotail data to identify magnetosheath and boundary layer regions through
both magnetic and plasma characteristics (Figure 5). What we found and show in Figure 4
is elevated power in the boundary layer as well as in the magnetosheath. The power in the
boundary layer was less than that in the magnetosheath so only some of the energy crossed
the magnetopause. In addition, we found that the power at Pch frequencies in the noon
boundary layer was higher than that in the dawn or dusk boundary layer. How is this energy
transferred to the magnetosphere? Several authors have suggested that pressure pulses drive
magnetospheric pulsations [e.g., Sibeck et al., 1989; Fairfield et al., 1990; Engebretson et al.,
1998]. The dynamic pressure fluctuations observed by Wind and Geotail were not a pressure
‘pulse’, but were sustained over many days. Likewise, the magnetospheric pulsations in the
noon and midnight sectors were sustained over many days. It is possible that these regions
are driven by the fluctuations in dynamic pressure or magnetic pressure and that the energy
may enter the magnetosphere in the noon region. This compressional power may decay
evanescently farther into the magnetosphere, but be sufficient to reach geostationary orbit.
Kepko et al. [2002] suggested that the solar wind may be a direct source for discrete Pch
pulsations. Alternately, the solar wind/magnetosheath fluctuations at Pcbh frequencies may
excite field line resonances (FLR) that are observed at geostationary orbits. Pcb pulsations
are common at latitudes between about 60° and 70° (Hughes, 1994 and sources therein) that
map to L-shells that include geostationary orbit. The noon sector GOES 8 observations
are more probably explained by one of these scenarios. The midnight sector might also be
tied to particle injections from the magnetotail [e.g., Posch et al, 2003 and sources therein].
However, particle injections tend to occur during storm periods and our interval includes
only a modest storm as mentioned above.

The dawn sector GOES 8 observations might have a different or additional source than
dynamic pressure fluctuations that are sustained at approximately the same level through-
out the high speed stream. GOES 8 observations (Figure 4e) showed the strongest dawn
pulsations on March 30 from 0800 - 1400 UT; subsequent dawn pulsations observed by
GOES 8 were significantly weakened. In this paper we showed solar wind compressional
magnetic field fluctuations that were strongest at the onset of the high speed stream (March
29 2000 - March 30 0800), and then decreased by about a factor of 10 for the remainder
of the stream (Figure 4c). GOES 8 dawn sector observations were strongest immediately
following the strongest solar wind compressional magnetic field fluctuations. This could be
a coincidence or it could be that solar wind compressional magnetic field fluctuations drive
Pch pulsations on the dawn side.

The IMF was strongly northward during most of this interval (March 29 2000 - March
30 0200, and March 30 0400 - 0700), coinciding with vortex formation along the flanks
as seen in MHD simulations. The vortices disappeared when the IMF turned southward



(Figure 7). The boundary was in motion as was evidenced by multiple crossings of the
magnetopause by Geotail. Engebretson et al. [1998 and sources therein] suggested that
solar wind or magnetosheath input waves/fluctuations could act as seed perturbations to
drive magnetopause boundary displacements that were amplified by the Kelvin-Helmholtz
instability. These can drive geomagnetic pulsations, most likely on the dawn side. A Kelvin-
Helmholtz instability can be driven by velocity shear alone at the magnetopause flanks [e.g.,
Miura, 1984; Otto and Fairfield, 2000]. However, for this high speed stream interval the
speed increased and then remained high after the strongest dawn pulsations, but the dawn
pulsations weakened like the compressional magnetic field fluctuations. It is possible that
the solar wind compressional fluctuations control the level of magnetospheric pulsations.
A K-H instability could have enhanced the initially driven boundary displacements, and
then power was transferred to magnetospheric dawn pulsations. This would account for the
various observations, but may not be the only explanation.

In this paper we have shown one high speed stream in 2002 during the declining stage
of the current solar cycle. Although more cases must be examined before drawing definitive
conclusions we suspect that both types of solar energy flux shown here will be found to
be common in high speed streams and will serve as effective drivers of magnetospheric Pch
pulsations, though they may contribute differently to energizing Earth’s magnetosphere.
Based on this study we make the following statements. Wind observations showed signif-
icant, sustained power at Pch frequencies intrinsic to a high speed stream starting March
29, 2002. The enhanced power was evident in dynamic pressure fluctuations and to a lesser
extent in compressional magnetic field fluctuations. Geotail observations near the magne-
topause suggest that more energy may be transferred across the nose than at the flanks
during high speed streams. This energy may be responsible for the sustained geomagnetic
pulsations seen at GOES 8 in the noon and midnight sectors, although the midnight sector
might have additional sources. GOES 8 observations of dawn pulsations follow the trend
of the compressional magnetic field fluctuations, that is higher at first and then reduced,
and may control the level of Pch pulsations on the dawn side. Northward IMFE along with
Geotail observations of magnetopause motion and MHD simulations of vortices along the
flanks suggest that a Kelvin-Helmholtz (K-H) instability may contribute to transport of the
compressional energy into the magnetosphere.
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